SUMMARY A hypothesis concerning habitual sleep reduction and its adverse consequences among general population in modern societies has received wide publicity in the mass media, although scientific evidence supporting the hypothesis is scarce. Similarly, there is an extensively distributed belief, at least in Finland, that the prevalence of insomniarelated symptoms is increasing, but evidence for this is even sparser. These issues are important because of the known increased risk of mortality and health risks associated with sleep duration deviating from 7 to 8 h. To reveal possible trends in self-reported sleep duration and insomnia-related symptoms, we reanalyzed all available data from surveys carried out in Finland from 1972 to 2005. The main results were that a minor decrease of self-reported sleep duration has taken place in Finland, especially among working aged men. However, the size of the reduction (about 4%) was relatively small, approximately 5.5 min per each 10 years during the 33 yearsÕ time interval under study. The proportion of 7 h sleepers has increased and, correspondingly, the proportion of 8 h sleepers has decreased, but the extreme ends of the sleep duration distribution remained unchanged. Tentative evidence suggesting an increase in insomnia-related symptoms among working aged population during the last 10 years was found. In conclusion, the Finnish data during the past 33 years indicate a general decrease in selfreported sleep duration of about 18 min and an increase of sleep complaints, especially among the employed middle-aged population.
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INTRODUCTION
It is commonly believed that sleep duration in the population has declined gradually. However, sleep habits in the older times are largely unknown, as stated by the historian Roger Ekirch: Ô…such elementary matters as the time and length of slumber before the nineteenth century remain an enigmaÕ (Ekirch, 2001) . However, contrary to common beliefs, the amount of sleep in the preindustrial era may have not been so much longer than today. In 1574, an Italian physician pointedly distinguished slumber of 8-h duration according to Ôcommon customÕ from prolonged sleep in Ôancient timeÕ as Hippocrates had advised, cited in (Ekirch, 2001 ). This attitude (towards the proper length of sleep) is expressed also in such aphorisms as ÔNature requires five, Custom takes seven, Laziness nine, And wickedness elevenÕ, cited in (Ekirch, 2001) . Thus, for centuries, sleeping 7-8 h seems to have been considered normative. According to Ekirch, until the close of the early modern era, Western Europeans experienced, on most evenings, two major intervals of sleep, bridged by up to an hour or more of quiet wakefulness (Ekirch, 2001) . Also napping during the day was probably more common than today. During the past two centuries, the preindustrial segmented sleep pattern has been replaced by a consolidated nocturnal sleep in modern societies. A hypothesis has been proposed (and grown into a belief in the mass media) that the sleep pattern in modern societies continues to evolve in the direction of gradual reduction of the amount of sleep (Webb and Agnew, 1975) .
In the United States, the self-reported modal sleep duration has been estimated to be about 8 h in the 1960s (Kripke et al., 1979 ; see also Jean-Louis et al., 2000; Schoenborn, 1986) . Recent Gallup surveys have yielded estimates of about 7 h or even less (Bliwise et al., 1992; Jean-Louis et al., 2000; National Sleep Foundation, 2003) . In children, historical accounts have suggested a reduction of about 1.5 h in the average sleep duration from the years 1910-11 to 1963 (Webb and Agnew, 1975) . Students, in particular, have been considered a risk group exposed to sleep reduction (Hicks et al., 1989) .
Although scientific evidence supporting the reduction hypothesis is insufficient, the belief has changed into an almost undisputable conventional wisdom stating that the Ômodern society is severely sleep deprived, and that this chronic state of deprivation has consequences on the persons and societyÕ (Kryger, 1995) . As a result, it is supposed that Ôthe pervasive role of excessive sleepiness in our society is becoming apparentÕ (Bonnet and Arand, 1995) and Ôsleepiness and fatigue are becoming endemic in the populationÕ (Ferrara and De Gennaro, 2001) .
In parallel with the belief presented in the mass media concerning the reduction of sleep, a belief that the prevalence of insomnia and insomnia-related symptoms and fatigue are increasing gradually is also popular. However, this issue lacks empirical evidence to an even higher extent than the reduction hypothesis. The practically only existing evidence comes from the USA, suggesting that, while fatigue and tiredness in men may have increased between 1930 and 1980, there is no similar increase in self-reported sleep disturbances (Bliwise, 1996) .
The importance of this issue from the public health perspective is emphasized by epidemiological studies showing that short self-reported sleep duration is a risk factor, predicting statistically increased mortality and ill-health (Youngstedt and Kripke, 2004b) . On the other hand, the same is true also for long sleep duration (Youngstedt and Kripke, 2004a) .
However, there are factors exacerbating the clarification of these issues. Epidemiological studies from different countries have shown intercultural variation in self-reported sleep characteristics and their associations between other factors (e.g., associations between sleep duration and age or gender) (Groeger et al., 2004; Kronholm et al., 2006) . In this respect, important results were found recently in a study among students from 24 countries (Steptoe et al., 2006) . The sleep duration was shortest in Japanese students (6.20 h in men and 6.09 h in women) and longest in Romanian (8.04 h and 7.72 h, respectively) and Bulgarian (7.81 h and 8.00 h, respectively) students. These differences clearly indicate that the results from different countries at varying points in time do not form a database from which inferences could be drawn on possible sleep duration reduction. Consequently, empirical data are needed from each country over a longer time span.
Irrespective of the viewpoint dominating in the mass media, there is no consensus in the scientific community on the issue of general sleep reduction in society and its possible consequences (Buysse, 2002; Dinges, 2004; Horne, 2004; Kripke, 2004) . It is clear that long-term trends in self-reported sleep duration in different samples are likely to be confounded by several factors such as differences in study protocol and sampling, individual differences in economic status, and cultural differences (Harrison and Horne, 1995) . An important argument is that, during the decades when sleep duration is assumed to have declined, the overall health in population has improved. Furthermore, there are no population-based data suggesting greater wellness or better performance among those sleeping longer than the current population mean (Jean-Louis et al., 2000) . As emphasized by Groeger et al. (2004) , with a few exceptions, data on the self-reported sleep duration tend to be based on small samples drawn from certain specific groups, and hence, the results are unlikely to be representative of the population as a whole.
To obtain as complete a picture as possible of the trends in self-reported sleep duration and insomnia-related symptoms in Finland over the last decades, we compiled and reanalyzed all available data from various surveys carried out in Finland between the years 1972 and 2005.
METHODS

Samples
For the purposes of this study, the following samples were reanalyzed:
The National FINRISK Study (FR): Seven independent cross-sectional population surveys were carried out in 1972, 1977, 1982, 1987, 1992, 1997, and 2002 . For each survey, an independent random sample was drawn from the Central Population Registry of Finland, covering the age range 25-64 years.
The Finnish Twin Cohort Study (FTC): This is the older part of the Finnish Twin Cohort of all Finnish twin pairs of the same gender born before 1958 and with both co-twins alive in 1975 (Kaprio and Koskenvuo, 2002; Kaprio et al., 1978) . These twin pairs were selected from the Central Population Registry in 1974 by identifying all sets of persons with the same date of birth, the same surname at birth, the same community of birth and of the same gender. Biological twinship was confirmed through a questionnaire in the 1975 and inquiries of parish birth records. Three surveys covering the entire cohort have been carried out in 1975, 1981, and 1990 .
The Fatigue in Job Study (FJS): A random sample from the Central Population Registry covering 5000 persons, aged 24-65 years, were approached in 1997 with a questionnaire, addressing stress, fatigue, and working conditions (Kalimo and Toppinen, 1997) .
The Workers in Information Technology Study (WITS): A random sample of 5000 workers in the field of information technology (drawn from the membership registry of the relevant labor union) were approached with a postal questionnaire in 2001 (Ha¨rma¨et al., 2002) . After the exclusion of non-working persons and persons under 20 or over 69 years of age, the final sample consisted of 2334 persons (46.7% of the original sample).
The Finnish Health 2000 Survey (FHS): The two-stage stratified cluster sampling frame by Statistics Finland comprised all adults aged 30 years and older. In addition, a sample of younger persons aged 18-29 years was drawn using the same sampling design. The survey was conducted in 2000.
The Finnish Public Sector Study (FPSS): This is an on-going prospective cohort study examining the health and well-being of employees in 10 municipalities and six district hospitals situated all around Finland (Kivima¨ki et al., 2007; Vahtera et al., 2006) . Every 4 years, a postal survey questionnaire, addressing health and working conditions, is sent to all permanent and fixed-term (over 6 months) employees. Statistics FinlandÕs Finnish Quality of Work Life Surveys (FQWLS): The surveys form a series of five independent random samples of employees. The participants were interviewed by Statistics FinlandÕs interviewers in 1977 , 1984 , 1990 , 1997 , and 2003 Thus, altogether nine independent studies or surveys forming 23 data points (samples) from 1972 to 2005 and covering a total of 251 083 individuals were reanalyzed. The sample sizes and representativeness as well as participation rates are described in Table 1 .
Measures
Sleep duration
The self-reported sleep duration was assessed by self-administered (usually postal) questionnaires. The questions used in different studies are shown in Table 2 . For the purposes of this study, the answers were rounded to whole hours.
Insomnia-related symptoms
Across the studies, different questions were used to assess the prevalence of insomnia-related symptoms. Therefore, we decided to analyze only the FR survey samples (a time series of 33 years) and FQWLS survey samples (a time series of 26 years).
All of the seven postal questionnaires for the FR survey included the following insomnia-related question: ÔDuring the past month, how often have you been bothered by insomnia?Õ Alternative answers were as follows: not at all; sometimes; and often. In addition, the use of hypnotics and the caffeine consumption were asked about.
All of the five interviews for the FQWLS survey included the following insomnia-related question: ÔHow often have you lately been bothered by difficulties in getting sleep or awakening during night?Õ Alternative answers modes were as follows: every day; a few times a week; around once a week; one or two times a month; less frequently; never.
Analysis
The mean values of self-reported sleep duration were calculated with 95% CI across the study samples first for the whole sample and then, separately for men and women. Then, to obtain a more detailed picture of possible differences (in the light of the reduction hypothesis) in the sleep duration distributions across the study samples, the proportions (%) of short sleepers (6 h or less) as well as those sleeping 7 h or less were calculated by gender in young (£30 years) and adult working aged (30-65 years) participants. In addition, a regression equation (Eq. 1) was calculated using a General Linear Models (GLM) procedure with the self-reported sleep duration as a dependent variable and the time (sample year)1972) and the age (sample mean age)weighted mean of age across samples) as independent variables. Sample sizes were used as weights.
For visual comparison, the prevalence of chronic and occasional insomnia-related symptoms (%) among employees and working aged (30-65 years) participants were calculated for the FR and FQWLS time series and plotted in the same figures.
RESULTS
Sleep duration
The mean self-reported sleep durations (for all, men, and women) across the study samples are shown in Fig. 1 .
The GLM procedure yielded the following regression equation:
Sleep duration ¼ 7:627h À 0:00922ðsample year À 1972Þ À 0:00805ðsample mean age À 42:21Þ
In the model, the effect of sample year was statistically significant (t value = )4.70; P = 0.0008) but the mean sample age was not statistically significant (t value = )1.28; P = 0.228). Thus, each 10 year increment during the last (1972 and 1977) are given Ôper nightÕ, they are higher than any of the Ôper 24 hÕ estimates, except for the FHS estimate for women in 2000, which was almost equal to the FR 1972 estimate. The estimates for men, in particular, seem to have decreased since the 1970s. At the first glance, these figures seem to provide support for the general sleep reduction hypothesis. However, the lowest estimates (WITS 2001 , FPSS 2000 -01, and 2004 are from samples representing the employed population, i.e., working individuals. Therefore, we repeated the analysis among the general population samples. The effect of sample year was again significant (t value = )5.20; P = 0.0035), and the coefficient )0.00665 indicated self-reported sleep duration to have decreased by 3.99 min per each 10 year increment. It must be noted that, although significant, the differences between the sample means were relatively small. It is possible that even if the proportional changes at the group level (for example, from 8-h sleepers to 7-h sleepers) take place, the mean change at the population level remains relatively small. Therefore, we also analyzed the proportions of short sleepers (6 h or less and 7 h or less) in age and gender stratified sub-samples. These results are shown in Fig. 2 .
As seen from Fig. 2 , no consistent trend of increase in the number of short sleepers during 1972-2005 was seen in young men. In working aged (30-65 years) men, there was a clear trend of increase in the proportion of men sleeping 7 h or less. However, no such trend was found in the proportion of men sleeping 6 h or less. In young (<30 years) women, there was not any clear trend in the proportion of short sleepers. In working aged (30-65 years) women, the situation was analogous to that of men of the same age. Thus, the hypothesis of general sleep reduction did not get undisputable support among young men or women. However, among working aged men, the mean proportion of short sleepers was greater across the 1997-2005 samples than across the 1972-1981 samples, giving some support for the hypothesis.
Insomnia-related symptoms
Chronic insomnia-related symptoms (ÔinsomniaÕ was reported to bother ÔoftenÕ in FR, and Ôdifficulties in getting sleep or awakening during nightÕ were reported to occur Ôevery dayÕ in FQWLS) were increased in the latest samples (FR 2002 and FQWLS 2003) , when compared with the corresponding symptom prevalences in 1972 and 1977 (Fig. 3) . Otherwise, no clear trend was found. However, a more consistent trend of an increasing prevalence was found in occasional insomniarelated symptoms (especially in employees, but in some degree also in FR samples) (Fig. 3) .
According to the FR time series, the prevalence figures concerning the use of sleeping medicine at least once a week among adult population did not show any clear trend of increase; the figures varied between 4 and 6% from 1982 to 2002. Also, when the use of sleep medication was analyzed by groups with Ôchronic insomnia-related symptomsÕ (50.6% in 1972 and 52.5% in 2002) and Ôoccasional symptomsÕ (15.7% in 1972 and 15.5% in 2002) and Ôgood sleepersÕ (2.1% in 1972 and 2.4% in 2002), no time effect was observed in any of these groups in their use of sleeping medication across the FR time series. The caffeine consumption was not related to sleep problems. In general, there was a decrease in the proportion of persons consuming more than six cups of coffee per day (from 50.6% in 1972 to 27.9% in 2002) , and a corresponding increase in the proportion of persons consuming three to five cups of coffee per day (from 30.6% in 1972 to 55.4% in 2002) . The proportion of those not drinking coffee at all also increased (from 4.9% in 1972 to 11.7% in 2002) . However, these trends were not associated with the insomnia-related symptoms.
DIS CUSS ION
Sleep duration
The main result of our study was that, in terms of self-reported sleep duration across relatively large adult population samples over the past 33 years in Finland, a significant, albeit slight decrease was found. The decrease was revealed more clearly among men than among women. However, the size of the selfreported sleep duration decrease was relatively small, approximately 5.5 min per each 10 year interval. Behind this reduction, a shift between the proportions of 7-and 8-h sleepers in population was observed. The proportion of people sleeping 7 h per day has increased while the proportion of 8-h sleepers has decreased. This was seen most clearly among working aged men. Nevertheless, an important finding was that the proportions of the extreme ends of the sleep duration distribution (short sleepers sleeping £6 h and long sleepers sleeping ‡9 h) remained unchanged. Consequently, our results suggest that in Finland during the past 33 years, a significant proportion of 8-h sleepers may have reduced their sleep so that they now belong to the group of 7-h sleepers, but the extreme sleep duration groups (which are shown to be associated with increased health risks; for references see Youngstedt and Kripke, 2004b) seem to be quite stable. The most probable interpretation is that there are forces evolving in society that create pressures towards decreasing the behavioral sleep duration. However, these forces cannot be defined on the basis of our study. We might only speculate about the wide range of options such as changes in working life (e.g., shift work and otherwise irregular working hours, increased work demands), family demands, and life style (e.g., leisure-time physical activity, alcohol consumption, television, the internet, dietary changes) in Finnish society which may exert an impact on sleep duration towards a wake extension. The ability of an individual to adapt to these chances may vary. There is evidence suggesting that the choice of sleep duration may indicate inter-individual variation in the tolerance of sleep debt, especially in young adults (Klerman and Dijk, 2005) . Nevertheless, individualsÕ ability to modulate their long-term behavioral sleep duration may be limited by homeostatic physiological and genetic factors (Dauviltiers et al., 2005; Franken et al., 2001; Linkowski, 1999; Partinen et al., 1983) and, therefore, dramatic changes may not occur at the population level. In addition, an unexplored possibility is that increasing public concern over sleep issues caused by mass media may have resulted in cognitive changes in attitudes or health awareness of the people concerning sleep which may, in turn, influence on their answering behavior when addressing sleep questionnaires.
The questions used to assess sleep duration in different samples were to some extent inconsistent. The oldest estimates of sleep duration in the FR samples (1972 and 1977) were given Ôper nightÕ, thus excluding the possible effects of day-time naps on the overall 24-h sleep duration. These estimates may therefore slightly underestimate the diurnal sleep duration when compared with other studies. In an earlier study (Hyyppa¨and Kronholm, 1987) , it was reported that, on the average, the exclusion of day-time naps decreases the average 24-h main sleep duration among adult Finnish population by approximately 16 min. A general limitation of the present study is the fact that the estimates of sleep duration were based on self-reports. It is probable that the actual (physiological) sleep time is less than the subjectively defined sleep duration. In a relatively large study (Lauderdale et al., 2006) among 669 participants, sleep duration measured by means of a wrist actigraph was, on the average, about an hour shorter than the self-reported sleep duration over 3 days, and sleep was strongly associated with race, gender, and socioeconomic status. Sleep has been suggested to lie on the causal pathway between socioeconomic status and disease risk (Van Cauter and Spiegel, 1999) . The relationship between self-reported and physiologically determined sleep duration is not fully understood. Thus, from the epidemiologic point of view, it is important to understand the whole spectrum of factors that influence the self-reported sleep duration to be able to interpret the meaning of trends in self-reported sleep duration. Recently, we found that sources of variance in self-reported sleep duration among general population in Finland were many; gender, marital status, occupational status, leisure-time physical activity, daytime tiredness or fatigue, and sleep-related factors (sleep disorders and use of sleeping medicine) each had an independent main effect on the sleep duration variance (Kronholm et al., 2006) . The influence of age and selfperceived health were directed via several interactions with other predictors. Similarly, the influence of the level of education and other indicators of socioeconomic status, as well as the influence of alcohol consumption and smoking were directed via other predictors. However, the said factors accounted for only 16.4% of the total variance of sleep duration. Probably there are numerous physiological (both normal homeostatic and pathological conditions) and genetic factors (e.g., Dauviltiers et al., 2005; Linkowski, 1999; Partinen et al., 1983) underlying the main variance in sleep duration. If true, this suggests that external or lifestyle factors changing over time in society may, after all, not modulate individualsÕ long-term sleep duration to any greater extent.
Insomnia-related symptoms
We found some tentative evidence suggesting a possible increase in chronic insomnia-related symptoms among employed and working aged population over the past 10 years. This was supported by a more consistent trend of increase of occasional insomnia-related symptoms in the same population fraction. Thus, it may be that changes in working life have increased the employeesÕ stress level which is reflected by increased insomnia-related symptoms (see for e.g., Kalimo et al., 2000; Å kerstedt et al., 2002) . Interestingly, contemporary men reported increased levels of fatigue and tiredness, as compared with people in the post-Great Depression and preWorld War II era, although no increase in reported sleep disturbances was evident (cited by Ferrara and De Gennaro, 2001 ). However, (if true) these changes in insomnia-related symptoms may only have a slight effect on self-reported sleep duration. The seemingly self-evident association between insomnia-related symptoms and the consumption of sleeping medicines is also a more problematic issue than one would think at the first sight. In Finland, there has been a huge and quite linear increase in the consumption of hypnotics (ATC code N05C) from 1975 (18.80 year Defined daily dose (DDD) ⁄ 1000 inhabitants ⁄ day) to 2005 (52.66 year DDD ⁄ 1000 inhabitants ⁄ day) (National Agency for Medicines and Social Insurance Institution, 2006). Thus, the consumption has increased by 2.8 times within 30 years. However, according to the FR time series, the prevalence of the use of sleeping medicines and ⁄ or anxiolytics may not have changed in parallel. The estimate numbers may vary because of methodological differences (such as the phrasing of the alternative answers) but also because changes in the pharmaceutical industryÕs policies and in the clinical practice may have increased the consumption (per user) without a real increase in the number of users. The pharmaceutical industry has withdrawn small (10-30 pills) packages from the reimbursement (refunding) list, thus making it more economic for the patients to buy large packages containing, say, 100 pills at any given time. In some specific sections of the population, even the number of users may have increased. According to the statistics of the Social Insurance Institution of Finland (Kela), 3.8% of men and 5.2% of women in the age group 45-64 years were refunded for sleeping medication in 2000. In 2006, the corresponding figures were 5.9 and 8.6%. However, according to the results from the FR time series, the prevalence figures concerning the use of sleeping medicine at least once a week among adult population do not show any clear trend of increase; the figures vary between 4 and 6% from 1982 to 2002. Similarly, no evidence indicating a change in public attitude towards the use of sleeping medication was found at any level of insomnia-related symptoms during the last 33 years, meaning that the prevalence of the use of sleeping medication has been stable among chronic and occasional insomniacs, as well as in good sleepers. Obviously, more research is needed to clarify the associations between insomnia-related symptoms and the use of sleeping medicine.
Finland is the top country in the world in coffee drinking; over 90% of all people drink coffee (Pietinen et al., 1996) . In the FR time series, a clear trend of decrease was found among persons consuming large amounts (six cups or more per day) of coffee, but a corresponding increase was found in moderate (three to five cups per day) coffee drinking. Still the proportion of persons not drinking coffee at all is relatively small among adult population (11.7%). A study among seven European countries found that drinking six cups of coffee or more per day was associated with short self-reported sleep (Ohayon, 2004) . The general cultural habit to drink coffee in Finland may explain that we did not find any association between insomnia-related symptoms and coffee drinking over the 33-year time span under study. Thus, at least in Finland, coffee drinking may not be indicative of daytime tiredness related to insomnia symptoms and it can not be used as an indirect measure to reveal possible changes in sleep problems.
C ON CL US IO NS
In conclusion, our data over the past 33 years indicate a general decrease of approximately 18 min in self-reported sleep duration and an increase of occasional sleep complaints, especially among employed middle-aged population. The question remains whether these rather moderate changes in sleep duration and quality pose a threat of adverse societylevel consequences in terms of health risks, production efficiency, safety, or even mortality. This study does not allow us to draw any definitive conclusions in this respect. However, a reassuring finding may be that the proportional shares of short and long sleepers seem to be quite stable in general population. On the other hand, our earlier results also indicate the possibility that the health effects of short or poor sleep (e.g., increased risk of obesity, type 2 diabetes, depression, and hypertension) may be more prominent in certain specific working populations, such as employees with particularly long working hours (Kronholm et al., 2006) or those in information and communication technology sector. Other important subgroups for which the issue of insufficient sleep may be problematic include students and school children, but these groups were not included in the present study. Obviously, more studies are needed to clarify the possible adverse effects of decreased sleep duration and slightly increased insomniarelated symptoms in the modern society, especially among the most vulnerable subgroups.
